Introduction
It is the purpose of this paper to present at alterna tive route to the normal powder processing method of achieving fine structure superplasticity in ceram ics. This proposed alternative route is by ingot processing. Here, the microstructure in the as-cast in got is refined by thermo-mechanical procedures. Ap parently, such an approach has not been used in cer amics, although hot-pressing of sintered powder products has been utilized to achieve fully dense structures.1),2) The ingot method offers several potential advan tages over the powder method. First, it offers a tech nique to produce impurity-free grain boundaries. Se cond, no low melting phases are needed as in powder processing where enhanced sinterability is often an important requirement. Low melting additives in powder processing can lead to a reduction in high temperature creep resistance and in room tempera ture fracture toughness of ceramics.3),4) Third, the in got route may offer a potentially economical alterna tive to the powder route because fewer processing steps are required. requires little mechanical working to create an equiaxed fine-grained material.26) Similarly, it is an ticipated that little thermo-mechanical working will be needed to refine the ledeburite structure in the as cast ingot material but extensive thermo-mechanical working will be needed to refine the coarse proeutec tic iron carbides to achieve an equiaxed fine-grained structure. The goal of the present investigation is to explore the possibility of achieving an equiaxed finegrained structure from an as-cast ingot of the 5.25% C material through thermo-mechanical working.
(a) rolled material (30 to 1 reduction) in the chemically etched condition. Here, many black thin lines are ob served running through the interior of the proeutec tic iron carbides (marked by arrows). These lines, which are iron phase regions, appear black on the bright-colored proeutectic iron carbide since only the iron phase is selectively etched by the 5% nital solu tion. The separation of proeuetectic iron carbide into segments can also be observed in the figure . The regions marked as a-a, b-b and c-c are places where small segments of iron carbide have separated from the main proeutectic iron carbide. It is quite appar ent that the thin and short segments at places marked as a-a and b-b have separated from the main iron carbide and have slid away along the roll ing direction. If these segments are placed adjacent to the sites from which they appear to have left, per fect fit can be observed. It is proposed that this type of phenomenon occurs by iron penetration into specific regions in the proeutectic iron carbides or by carbon atom dissolution in these specific regions.
The driving force for these occurrences is to reduce the high strain energy associated with the presence of slip bands or subgrain boundaries. The strain energy associated with slip bands or subgrain boun daries, however, should be high enough to create two iron carbide/iron phase interfaces. A high magnification SEM ( Fig. 8 (a) ) shows that thin channels of iron-base phase are formed inside the proeutectic iron carbide. Region A in this figure indicates a place where such iron phase penetration is just started and region B indicates a place where such iron phase penetration has been completed. The end result is the separation of a proeutectic iron carbide into two parts. As previously stated, these iron phase channels can form by one of two methods. These are either by iron penetration from the ledeburite region or by carbon dissolution and migra tion from proeutectic iron carbides to the ledeburite region along subgrain boundaries or slip bands. 5.3 Schematic models illustrating proposed break-up mechanism Schematic illustrations are presented in Figs. 9 and 10 showing two different models for explaining the break-up events taking place in the proeutectic iron carbides during deformation. In Fig. 9 , localized slip is depicted to occur in a proeutectic iron carbide by the presence of a shear stress, resulting in a slip band. This is shown in (a) of Fig. 9 . The slip band consists of a high density of dislocations, generating high strain energy fields. This is illustrated in (b) of Fig. 9 . To eliminate the high strain energy fields as sociated with the slip band in the iron carbide phase, decomposition of the iron carbide can occur by a nucleation and growth process similar to that occur ring in recrystallization.28) This is depicted in (c) of Fig. 9 . The carbon atoms that diffuse out of the high energy slip band will join with the iron-base phase to form new strain-free iron carbide. The nucleated iron-base regions in the slip band grow and eventual ly collapse one into another and result in the creation of an iron phase film along the slip band. This is shown in (d) of Fig. 9 . If the sliding mobility of iron carbide grains along the iron phase is high, the iron carbide grains will slide past each other over this iron phase film and separate under the applied shear stress. This is shown in (e) of Fig. 9 . The sequence of events is illustrated in Fig. 10 . Slip band formation takes place by localized plastic flow in the proeutectic iron carbide. This is shown in Fig.  10 (a) . Subgrains form on the slip bands ( Fig. 10 (b) ). Grain boundary sliding can take place in the slip band region when the low-angle subgrains become high-angle ones. This is illustrated in Fig. 10 (c) . This fine-grained region acts as a lubricant layer such that grain boundary sliding can take place allow ing the coarse proeutectic iron carbides at the sides of the layer to slide over each other along the shear ing direction (Fig. 10 (d) ). Such evidence was not specifically observed but Fig. 8 (b) exhibits slip bands with formation of subgrains within the band (marked as B). 
